Introduction
Meconium-stained amniotic fluid (MSAF) is noted in 10 to 15% of all deliveries (B500 000 annually in the United States). 1, 2 Approximately 3 to 4% of meconium-stained infants will develop the meconium aspiration syndrome (MAS). Neonates that are depressed and are born through thick-consistency MSAF are at the highest risk for developing MAS. A considerable proportion of infants with MAS require mechanical ventilation, whereas many develop pulmonary air leaks. In addition, MAS is frequently associated with persistent pulmonary hypertension of the newborn. The mortality rate among infants with the disorder may be as high as 5 to 10%. Humans are not the only species affected by MAS; it is seen frequently and is a leading cause of death in domestic farm animals (pigs, cattle, and so on).
In an effort to prevent or mitigate the course of MAS, many methods have been suggested to remove aspirated meconium from the airways. Historically, farmers would grasp meconium-stained animals by their hindquarters and then swing them around their heads. Centrifugal forces would move the meconium-stained fluid toward the head of the rotating animal and the material would then be manually extracted. In 1871, Dr Bernard Schultze described a resuscitation maneuver, one of the benefits of which purportedly included the removal of meconium from the airways 3 . Caregivers would grasp affected infants by the shoulders vertically at the level of the adult's knees. The caregiver would then sweep the baby upward inverting them by 1801 and then swinging them back down to their original position. This maneuver would be repeated as many as 10 to 12 times. This untested therapy was widely practiced through the 1920s.
Intratracheal suctioning
This author has not found any written descriptions concerning intubation and suctioning of meconium-stained infants before the year 1960. In a textbook of neonatal resuscitation published that year, 4 Dr L Stanley James ( Figure 1 ) stated that if meconium had been aspirated into the trachea, it should be suctioned out. He then suggested using an endotracheal tube as a suction device. Dr Jack Sinclair (personal communication) states that when he arrived as a resident in Pediatrics at Columbia Hospital for Children in New York City in 1961, both Dr James and Dr Virginia Apgar were teaching and advocating intubation and suctioning of meconium-stained babies. The latter individuals even made a teaching movie of this procedure. Dr Lillian Blackmon (personal communication), while training at Columbia Hospital for Children, did an elective with Dr William Tooley at the University of California at San Francisco (UCSF) in 1966. At that time, physicians at UCSF were not suctioning the airways of meconiumstained neonates. Dr Blackmon subsequently returned to UCSF in 1968. At virtually the same time, Dr William Silverman (Figure 2) , the long-time director of Neonatology at Columbia Hospital for Children, also moved west and became chief of neonatology of San Francisco Children's Hospital. Dr Blackmon states that the two of them began training residents and clinicians in San Francisco to intubate and suction meconium-stained neonates.
Dr George Gregory ( Figure 3 ) and colleagues 5 are given credit for the wide dissemination of the intubation and suctioning technique in their seminal 1974 publication. These individuals described their prospective management of meconium-stained infants at UCSF over a 6-month period. Eighty such infants were intubated and had their tracheas suctioned. In addition, the infants subsequently were treated with aerosolized distilled water, chest physiotherapy (CPT) and postural drainage (positional therapy alternating between head up and head down, as well as side to side). Sixteen (20%) of the infants were deemed to be 'sick', six (38%) of whom had thin-consistency meconium suctioned from their airways. Of the 80 infants, 2 required mechanical ventilation, but none were treated with continous positive airway pressure. Seven neonates developed pneumothorax and/or pneumomediastinum. The authors stated that none of the 35 meconium-stained babies managed in this manner subsequent to the study period and admitted to their Newborn Intensive Care Unit required ventilation. The authors also presented data from 15 infants with MAS transferred to their unit subsequent to the study period. Of the 15 infants, 5 (33%) required either mechanical ventilation or continous positive airway pressure, whereas 6 (40%) developed a pneumothorax. On the basis of their experience, the authors recommended intratracheal suctioning of all infants born through thick, particulate meconium (despite almost 40% of their 'sick' population having only thin-consistency meconium retrieved). They also recommended subsequent CPT and postural drainage for those infants from whom meconium-stained material is retrieved from the trachea, as well as for those with abnormal chest roentgenograms.
Although Gregory and colleagues are frequently cited as the original investigators who showed benefits of intubation and suctioning, Burke-Strickland and Edwards 6 ( Figure 4 ) published the results of their prospective trial of the technique a full year earlier. The latter authors intubated and suctioned 84 meconiumstained infants over a 2-year period and compared their outcomes with 17 such infants who did not receive tracheal cleansing. Overall 70% of intubated infants also had saline lavage. The nonintubated infants had more prolonged respiratory distress and longer hospital stays compared with their intubated counterparts. Burke-Strickland and Edwards recommended that all infants born through MSAF of any consistency should be intubated and suctioned.
Interestingly, 1 year after the Gregory publication, the results of another study also based out of San Francisco were published. Ting ( Figure 5 ) and Brady 7 did a retrospective review of outcomes of 125 meconium-stained infants born over a 3-year period; of these 28 babies were not intubated. Of these, 16 (57%) developed MAS and 7 (25%) died. The remaining 97 infants were intubated and suctioned; of these 27 (28%) developed MAS and 1 (1%) died. These investigators concluded that all infants born through MSAF of any consistency should be intubated and suctioned.
On the basis of their anecdotal experience, Carson et al.
8
( Figure 6 ) suggested a different approach. They proposed that clinicians should visualize the hypopharynx and vocal cords of meconium-stained infants after oropharyngeal suctioning. These authors recommended that tracheal suctioning should be performed only if meconium could be visualized at the vocal cords. Subsequent to these publications, there was widespread acceptance of the practice of intubation and suctioning of the trachea of all meconium-stained infants. This approach was recommended in numerous textbooks and journals. The most common technique ('straw method') consisted of providing negative pressure at the hub of the endotracheal tube using one's mouth ( Figure 7) . Essentially, this practice was how residents in pediatrics gained and improved their intubation skills. Tasting meconium became a rite of passage for pediatric trainees. Fortunately, most clinicians ultimately realized that a face mask could be interposed between one's mouth and the endotracheal tube and obviated this culinary delight. In the decade following the aforementioned publications, the incidence of MAS and deaths attributable to the disorder appeared to decline significantly. 9 It was recognized that there was a wide variation in the amount of negative pressure produced by different individuals when directly suctioning the endotracheal tube. Moreover, the infectious risks of this practice were obvious. Some chose to directly place a standard suction catheter or a de Lee suction catheter into the larynx. Many devices (at least 20) were commercially developed as alternatives to the straw method. Bent (Figure 8 ) et al.
10 assessed the various methods and found one to be consistently the best.
In 1988, Linder ( Figure 9 ) and colleagues 11 reported that a selective approach might be more appropriate than a universal one. They performed a trial in which apparently vigorous meconium-stained infants were quasi-randomized to either intratracheal suctioning or expectant management. Their results were questioned because of major design flaws in the trial. Although some suggested that a selective approach could be deleterious, others found it to result in good outcomes. In the late 1990s, Wiswell et al. 12 ( Figure 10 ) spearheaded a large international prospective, randomized controlled trial to assess a selective approach. Almost 2100 meconium-stained neonates were enrolled. During the 10 to 15 s after delivery, these babies had to be apparently vigorous (defined as having a heart rate >100 beats per min, having spontaneous respirations and having reasonable tone). They were randomized either to be intubated and suctioned or to expectant management. The results of this approach are given in the Table 1 . There appeared to be no benefit to tracheal cleansing of this population. Subsequent to this publication, the Neonatal Resuscitation Program (NRP) changed its recommendations and advised that apparently vigorous meconium-stained infants do not need intubation and intratracheal suctioning.
A future question that needs to be answered is whether or not depressed meconium-stained infants actually benefit from having their airways intubated and suctioned. As many clinicians believe that most cases of MAS are due to in utero aspiration of MSAF, the potential efficacy of tracheal cleansing needs to be assessed in a well-conducted randomized, controlled trial. Another issue that needs to be addressed is the training of pediatric residents in intubation skills. Historically, most residents honed their skills during training by intubating virtually all meconium-stained infants. However, by eliminating the need to intubate the majority of the latter population, many believe that residents are no longer gaining or maintaining these skills.
Intrapartum suctioning of the nasopharynx and oropharynx
Intrapartum suctioning consists of using either a suction catheter or a bulb syringe to remove material from a meconium-stained infant's oropharynx and nasopharynx after the delivery of baby's head, but prior to delivery of the thorax. In the mid-1970s, Carson et al. 8 performed the previously mentioned study, the original goal of which was to assess the value of tracheobronchial saline lavage (Dr Carson, personal communication). They compared meconium-stained infants managed differently during three separate time periods. Group 1 infants (n ¼ 947) had no intrapartum suctioning, no saline lavage and inconsistent intratracheal suctioning. Group 2 infants (n ¼ 381) had intrapartum suctioning, intubation and tracheal suctioning, and saline lavage. Group 3 infants (n ¼ 273) had intrapartum suctioning and selective tracheal intubation/suctioning (if meconium was present at the vocal cords). The authors intended to randomize those babies in group 3 who required intubation to saline lavage or no lavage. However, only 2 of 273 group 3 infants had meconium noted at the cords and were eligible to be lavaged. Hence, the authors were unable to assess whether saline lavage was of benefit. The incidence of MAS in these populations was 1.9% (group 1), 1.8% (group 2) and 0.4% (group 3). These differences were not statistically significant! Nonetheless, there was a widespread assumption that the lower incidence of MAS in group 3 babies was due to the intrapartum suctioning. There was worldwide acceptance of this hypothesis and it became the standard of care for almost three decades.
Subsequent studies were unable to replicate Carson group's remarkably low incidence of MAS after intrapartum suctioning. Most notable were the reports of Falciglia ( Figure 11 ) and colleagues. Initially, he performed a historical comparison evaluation. 13 He assessed the outcomes of meconium-stained infants born in two different years (1975 and 1983, respectively) . During the earlier year, no intrapartum suctioning was customarily performed, in contrast with the latter year when it was performed routinely. There was no difference in the incidence of MAS in 1975 (2.0% of 742) compared with 1983 (2.1% of 755). Subsequently, Falciglia et al.
14 performed a concurrent observational study during which an independent observer (unknown to the obstetrician) documented whether or not obstetricians performed 'early' oronasopharyngeal suctioning while the baby's head was at the perineum (prior to delivery of the child's thorax) compared with those that received 'later' suctioning subsequent to delivery. MAS was actually more common in the group that underwent 'early' suctioning (23/221, 10.4%) compared with those undergoing 'later' suctioning (15/227, 6.9%).
To definitively assess whether or not this procedure was of benefit to neonates, Vain ( Figure 12 ) and colleagues 15 performed an international prospective, randomized controlled trial. The population consisted of 2514 infants born through MSAF of any consistency, gestational age X37 weeks and vertex (cephalic) presentation. Subjects were randomized either to (1) suctioning of the oropharynx and nasopharynx prior to delivery of the thorax or to (2) no suctioning prior to delivery. No differences were found in the incidence of MAS between suctioned (4.1%) and non-suctioned (3.8%) infants. Moreover, there were no differences in other key outcome variables including mortality, the need for mechanical ventilation, duration of mechanical ventilation and duration of supplemental oxygen use. Subsequent to this publication, both the NRP and the American College of Obstetricians and Gynecologists (ACOG) changed their stances and no longer recommend intrapartum oropharyngeal and nasopharyngeal suctioning prior to delivery when MSAF is present. Other proposed delivery room therapies CPT Chest physiotherapy is performed in an effort to prevent accumulation of debris and to improve mobilization of airway secretions. CPT consists of techniques such as percussion, vibration, postural drainage, saline administration and suctioning. Theoretically, CPT should help remove meconium from the airways, prevent its consequences and improve gas exchange. It is widely performed on infants born through MSAF, as well as those with MAS. Nevertheless, there are virtually no data to support this therapy in meconium-stained neonates, either in the delivery room or thereafter. One must remember that there are potential complications of CPT (pneumothorax, hypoxemia, arrhythmia, airway perforation and tissue damage).
Cricoid pressure, epiglottal blockage and thorax compression Several other maneuvers have been suggested as being of benefit in preventing MAS. 16 Cricoid pressure involves the application of pressure to the neonate's airway in an effort to compress it and prevent intratracheal meconium from migrating distally. Epiglottal blockage entails the placement of one or more fingers into the infant's hypopharynx in an attempt to apply pressure on the epiglottis and block the meconium passage downward. The latter two therapies have the potential to traumatize the airway. Both are likely to produce a vagal response in a potentially compromised infant. Thorax compression consists of manually encircling a meconium-stained infant's chest and applying pressure in an effort to prevent the child from inhaling deeply and aspirating fluid. None of the aforementioned maneuvers have ever been assessed in clinical trials. All are potentially dangerous and none are recommended.
Gastric suctioning
Karlowicz 17 suggested suctioning of the stomachs of all meconium-stained neonates soon after delivery. He hypothesized that some cases of MAS could potentially be caused by the postnatal reflux of gastric contents into the oropharynx. The material could then potentially be aspirated into the airways. Suctioning of the stomach within minutes of delivery would obviate this from occurring, although an intriguing hypothesis, gastric suctioning, has never been evaluated for efficacy in preventing MAS.
Summary
Multiple delivery room therapies have been proposed as being effective in preventing or ameliorating MAS. However, to date, none of the therapies assessed by randomized, controlled trials have been definitively proven to be effective. An important question remains: do depressed, meconium-stained neonates benefit by being intubated and suctioned? 
